A pink-pigmented, phototrophic, purple nonsulfur bacterium, strain JA173 T , was isolated in pure culture from a saltern in Gokarna, India, in a medium containing 2 % (w/v) NaCl. Strain JA173
, was isolated in pure culture from a saltern in Gokarna, India, in a medium containing 2 % (w/v) NaCl. Strain JA173
T was a non-motile Gram-negative rod that multiplied by budding. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain JA173 T clusters with the class Alphaproteobacteria;
highest sequence similarity (98 %) was to the type strain of Rhodobium orientis and 94 % similarity was observed to the 16S rRNA gene sequence of the type strain of Rhodobium marinum. However, DNA-DNA hybridization with R. orientis DSM 11290 T revealed a relatedness value of only 35.1 % with strain JA173 T . Strain JA173 T contained lamellar internal membranes, bacteriochlorophyll a and carotenoids of the spirilloxanthin series. Strain JA173 T had an obligate requirement for NaCl (optimum growth at 2-6 %, w/v) and grew photoheterotrophically with a number of organic compounds as carbon source or electron donor. Photoautotrophic, chemoautotrophic and fermentative growth could not be demonstrated. Yeast extract was required for growth. Based on 16S rRNA gene sequence analysis, DNA-DNA hybridization data and morphological and physiological characteristics, strain JA173 T is sufficiently different from other species of the genus Rhodobium to be recognized as a representative of a novel species, Rhodobium gokarnense sp. nov. The type strain is JA173 T (=ATCC BAA-1215
The genus Rhodobium is composed of marine species that are capable of photosynthesis, multiply by budding and possess lamellar internal membrane structures (Hiraishi et al., 1995) . At present, the genus Rhodobium comprises two species, both of which were isolated from marine sediments: Rhodobium marinum (originally described as Rhodopseudomonas marina, Imhoff, 1983) ; and Rhodobium orientis (Hiraishi et al., 1995) . Strain JA173 T , which was isolated from a saltern, is described in this report and, based on its phylogenetic and phenotypic properties, which are distinct from those of the other Rhodobium species, it is proposed that this strain represents a novel species in this genus.
Soil and water, including salt crystals, were collected on 27 December 2003 at around midday from a saltern located in Gokarna, India. GPS positioning of the sample collection site was 14 u 329 N 74 u 199 E. The sample yielding strain JA173
T had a pH of 6.8 and a temperature of 30 u C. Strain JA173 T was isolated from photoheterotrophic enrichments of this soil sample. Purification and polyphasic taxonomic studies were carried out as described previously . Fourier-transform infrared (FTIR) spectroscopic analysis data of strain JA173 T were compared with those of cells of Rhodobium orientis DSM 11290 T . DNA-DNA hybridization was carried out at the DSMZ (Braunschweig, Germany) using a spectrophotometric method (De Ley et al., 1970; Huß et al., 1983) after chromatographic (hydroxyapatite) purification of DNA (Cashion et al., 1977) .
Individual cells of strain JA173
T were rod-shaped, 0.5-0.6 mm wide and 1.0-2.0 mm long, non-motile and multiplied by budding (see Supplementary Fig. S1 in IJSEM Online). An electron micrograph of ultrathin sections of the Abbreviation: FTIR, Fourier-transform infrared.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain JA173
T is AM180706.
A phase contrast micrograph, an electron micrograph, absorption spectra and FTIR spectra of strain JA173 T are available as supplementary material in IJSEM Online. cells revealed lamellar internal membrane structures (see Supplementary Fig. S2 in IJSEM Online). Strain JA173
T was able to grow photoorganoheterotrophically in the presence of incandescent light (optimum light intensity, 1000-4000 lux) (anaerobic; light, 2400 lux) and chemoorganoheterotrophically and aerobically in the dark with pyruvate (0.3 %, w/v). Photolithoautotrophic growth (anaerobic; light, 2400 lux; 20 % H 2 , v/v; 0.5 mM Na 2 S; 0.5 mM Na 2 S 2 O 3 ; and 0.1 % NaHCO 3 , w/v), chemolithoautotrophy (aerobic; dark; 0.5 mM thiosulfate; and 0.1 % NaHCO 3 , w/v) and fermentative growth (anaerobic; dark; 0.3 % glucose, w/v; 0.3 % fructose, w/v) could not be demonstrated. support growth. Strain JA173 T required yeast extract as a growth factor. Salt (NaCl) was obligatory for the growth of strain JA173 T ; this strain grew in 0.5-10.0 % (w/v) NaCl, with optimum growth at 2.0-6.0 % (w/v) NaCl. Strain JA173 T grew at pH 5.0-9.0, with optimum growth at pH 6.5-8.0. The temperature optimum for growth was 30±2 u C.
The colour of the phototrophically grown cell suspension was pink to pink-red. The whole cell absorption spectrum of strain JA173
T showed absorption maxima at 370, 402, 488, 530, 590, 803 and 872 nm, thus confirming the presence of bacteriochlorophyll a and most probably carotenoids of the spirilloxanthin series (see Supplementary Fig. S3a , b in IJSEM Online). The cellular components (metabolomes) of strain JA173
T were compared with those of Rhodobium orientis DSM 11290 T under identical growth conditions using whole cell FTIR spectra (see Supplementary Fig. S4 in IJSEM Online), which clearly indicated differences between the two strains. Variations were recorded in the proteins (1650-1580 cm
21
), carbohydrates (1200-900 cm
) and aromatic compounds (870-675 cm
). No major differences were observed in lipids and fatty acids (3100-2800 cm 21 ). An ester peak (1728 cm
) was observed in strain JA173
T alone, which is similar to that observed in Rubrivivax gelatinosus DSM 17011 T . The DNA G+C content of strain JA173
T was 72.4 mol% (determined by HPLC). The phylogenetic relationship of strain JA173
T to other purple nonsulfur bacteria was examined by 16S rRNA gene sequencing (Fig. 1) . The data obtained revealed that the novel isolate branched separately, but was affiliated with the type strains of Rhodobium species. The highest sequence similarities to strain JA173 T were found with the type strains of Rhodobium orientis (98 %) and Rhodobium marinum (94 %). However, DNA-DNA hybridization with Rhodobium orientis DSM 11290
T revealed a relatedness value of only 35.1 % with strain JA173 T . Apart from 16S rRNA gene sequence dissimilarity and DNA-DNA hybridization studies, strain JA173
T clearly differed from other Rhodobium species in its phenotypic properties (Table 1) ; these results justify the description of this strain as a representative of a novel species, Rhodobium gokarnense sp. nov.
Description of Rhodobium gokarnense sp. nov.
Rhodobium gokarnense (go9kar.nense. L. neut. adj. gokarnense pertaining to Gokarna, the place from which the type strain was isolated).
Cells are rod-shaped, 0.5-0.661.0-2.0 mm, non-motile and divide by budding. Growth occurs under anaerobic conditions in the light (photoorganoheterotrophy) or under aerobic conditions in the dark (chemoorganoheterotrophy). Internal photosynthetic membranes have a lamellar structure. Phototrophic cultures are pink to pinkish-red. The in vivo absorption spectrum of intact cells in sucrose exhibits maxima at 370, 402, 488, 530, 590, 803 and 872 nm, confirming the presence of bacteriochlorophyll a and probably the spirilloxanthin series. Mesophilic (30 u C), with optimum growth at pH 6.5-8.0. Requires 2.0-6.0 % (w/v) NaCl for optimal growth. Photoorganoheterotrophy with various organic compounds is the preferred mode of growth. Good carbon sources are pyruvate and fumarate. Growth also occurs on acetate, butyrate, citrate, succinate, malate, glucose, mannitol, sorbitol and Casamino acids. Photoautotrophic and chemoautotrophic growth is not possible in the presence of sulfide/thiosulfate/hydrogen as electron donor and NaHCO 3 as carbon source. Yeast extract is required as a growth factor. The DNA G+C content of the type strain is 72.4 mol% (by HPLC).
The type strain, JA173 T (=ATCC BAA-1215 T =DSM
17935
T =JCM 13532 T ), was isolated from a saltern in Gokarna, India.
